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@> Improved ink jet print head for a dot printer. 



@ An ink-Jet print head (12) for a dot printer, In 
which the drops of ink are expelled from one or 
more expulsion chambers (16) through corre- 
sponding pluralities of nozzles (30), each 
plurality communicating with each individual 
chamber. The nozzles (30) communicating with 
each chamber may be three to nine in number 
and are suitably arranged so as to obtain a high 
print quality in particular for the printing of 
characters with straight edges free from ir- 
regularities. 
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Field of the Invention 

The present invention relates to an ink-jet print 
head of the type which comprises an expulsion cham- 
ber in communication with a plurality of nozzles for ex- 5 
pelling corresponding droplets of ink and in which at 
least two of said nozzles are arranged in a row orient- 
ed in a reference direction. 



Background of the Invention 



10 



US Patent No. 4,61 1 ,219 discloses an ink-jet print 
head having at least one group of aligned expulsion 
chambers. 

Each chamber contains a transducer for causing 15 
expulsion of the ink simultaneously from two nozzles. 

All the nozzles are aligned in a single row in the 
direction of alignment of the chambers, forming a line 
of nozzles designed in particular to print an entire line 
at a time and hence obtain printing of a complete page 20 
with a single scanning movement. 

A head of this type, with all the nozzles aligned 
in a single row, is able to print, whenever activated, at 
the most a continuous, but very thin line with a width 
equal to the dimension of each dot 25 

Therefore, in order to print characters or graphic 
symbols with a width much greater than the dimen- 
sion of each dot, several passing movements are re- 
quired, hence reducing the printing speed. 

US Patents Nos 4,542,389 and 4,550,326 dis- 30 
close print heads of the type mentioned above, in 
which each compression chamber has associated 
with it several openings. Of these openings only one 
constitutes the active nozzle for expelling drops of 
ink, being arranged in the region of the heating resis- 35 
tor. 

Additional openings communicating with the 
same pressure chamber are used in order to drain an 
excess of ink dispersed by the active nozzle or in or- 
der to neutralize reflex pressure pulses capable of in- 40 
fluencing negatively the operation of active nozzles 
associated with other adjacent compression cham- 
bers. 

These additional openings or orifices have a 
completely passive function since they do not expel 45 
drops of ink, not being associated with any heating re- 
sistor. 

In a conventional ink-jet print head, for example 
of the type described in the US Patent No. 4,550,326 
already referred to, the single active nozzle of a given so 
compression chamber is normally dimensioned so as 
to expel drops of ink, the volume of which depends 
substantially on the energy supplied by the resistor 
and its dimensions. 

Usually th active nozzle is constructed with a di- 55 
amet r more or less the same as the dimension of a 
side of the associated resistor which is g nerally 
squar in shape, a dim nsion equal, for example, to 



about 40 to 60 urn in the cas of a printing resolution 
of 300 dots per inch. 

Therefore, when particularly dense information 
orvery intense images must be printed with this head, 
for example on a sheet of paper, the large quantity of 
ink deposited on the paper through the nozzle re- 
quires a given amount of time in order to dry, a time 
which in many cases is too long compared to the print- 
ing speed of the head. 

Moreover the characteristic restoration time for 
the meniscus of a large-size nozzle, as referred to 
above, is fairly long and such that it limits the expul- 
sion frequency of the drops to fairly low values. 

Furthermore it is true that, according to a first ap- 
proximation and with all other parameters, such as for 
example the characteristics of the ink, being equal, 
the expulsion frequency depends inversely on the 
volume of the drops expelled. 

However, if drops with a small volume, for exam- 
ple a volume less than 80-90 pi, are used, again in the 
case of a printing resolution of 300 dots per inch, 
there is a deterioration in the print parameters such 
as, for example, the optical density and the quality of 
the edges of graphic symbols. 

This limitation penalizes considerably ink-jet 
heads, compared to other faster dot printing methods, 
for example laser printing. 

Furthermore, this head also has the following 
drawbacks: 

- unsatisfactory optical density, unless large 
quantities of ink are used to obtain intense col- 
ours; 

- non-linear shades of grey, when there is a va- 
riation in the number of dots deposited; 

- poor linearity of the edges of elongated impres- 
sions, for example the letters I, L, etc. 

The optical density is considered unsatisfactory 
for the following reason: if a single nozzle is used, the 
impression of a drop of ink on the paper is substan- 
tially circular, so that the arrangement, next to one an- 
other, of several impressions which are mutually tan- 
gent and circular, i.e. with a diameter equal to the 
printing pitch, results, as is known, in a white zone, 
not covered by ink, inside each group of four adjacent 
impressions. 

in order to eliminate these white zones, the im- 
pression of each dot must be widened by varying the 
moistness characteristics of the ink or by partially 
overlapping the impressions of contiguous dots. 

In both cases a large quantity of ink must be de- 
posited on the paper. As a result the drying time in- 
creases and the paper tends to warp. 

Hence, an acceptable optical density can be ob- 
tained only at the exp nse of both the drying tim , 
which becomes longer, and the flatness of the paper! 
which tends to become crinkled. 

On the other hand, reducing the volume of ink ex- 
pelled from the single nozzle of ach chamber pro- 
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duces on the paper smaller dots separated by larger 
whit zones, causing an even greater deterioration in 
the optical density. 

In order to obtain uniform shades of grey, the opt- 
ical density must be varied in direct proportion to the 
number of dots deposited for a given matrix. In prac- 
tice if a single nozzle is used, the optical density in- 
creases in direct proportion to the number of dots de- 
posited in the case of low coverage, for medium cov- 
erage (40-75%) it increases more rapidly than the 
number of dots deposited, while for high coverage it 
increases less rapidly than the increase in the dots 
deposited, on account of the random merging of a cer- 
tain number of adjacent impressions. For example, if 
the number of dots deposited is increased from about 
80% to 100%, from a visual inspection the optical 
density does not appear to increase. 

Finally, the profile of the edge of elongated im- 
pressions, especially in the direction perpendicular to 
the movement of the head, for example in the case of 
characters I, k, etc., has the appearance of a succes- 
sion of rounded arches, resulting in a poor print qual- 
ity. 

Summary of the Invention 

Preferred embodiments of the present invention, 
seek to provide an ink-jet print head which does not 
have the abovementioned drawbacks. 

One aspect of an embodiment of the present in- 
vention provides an ink-jet print head which is able to 
expel simultaneously from each compression cham- 
ber, whenever activated, a plurality of drops of ink 
with a very high repetition frequency. 

Another aspect of an embodiment of the present 
invention provides an ink-jet print head capable of de- 
positing on a printing medium drops of ink with a very 
rapid drying time. 

Another aspect of an embodiment of the present 
invention provides an ink-jet print head for printing 
with a given optical density using the minimum quan- 
tity of ink whatever the printing matrix used. 

Yet another aspect of an embodiment of the in- 
vention is that of providing an ink-Jet head for printing, 
on an information medium, dots having a form such 
that the optica] density can be varied in direct propor- 
tion to a variation in the dots deposited. 

Yet another aspect of an embodiment of the in- 
vention is that of providing a print head able to obtain 
impressions having an edge with a substantially 
straight profile, particularly suitable for printing bar 
codes or characters. 

An ink-jet print head according to the present in- 
vention, is characterized in the manner illustrat d in 
the claims to which referenc should now be made. 

These and other characteristic f atures will 
emerge more clearly from the following description of 
a preferred mbodiment, provided by way of a non- 



limiting xample, with reference to th accompanying 
drawings. 

Brief description of the drawings : 

5 

Figure 1 is a partial view of an improved ink-jet 
print head embodying to the invention; 
Figure 2 is a section through Figure 1 , along the 
lines ll-ll; 

10 Figure 3 shows some sample print impressions 

obtained with the head according to Figure 1; 
Figures 4 and 5 show samples of a horizontal line 
and vertical line printed with the head according 
to Figure 1; 

is Figures 6 and 7 show photographic enlargements 

of a grid printed with the head according to Figure 
1; 

Figures 8 and 9 show photographic enlargements 

of a grid printed with a conventional head; 
20 Figures 10 and 11 show enlarged characters 

printed with a head according to Figure 1; 

Figures 12 and 13 show the same characters 

printed with a conventional head; 

Figures 14 and 15 show, respectively, a conf ig- 
25 u ration of a head with six nozzles per cell and a 

corresponding print sample; 

Figures 16 and 17 show coverage methods ob- 
tained with the head of Figure 1 ; 

Figure 18 shows partially a print head with four 
30 nozzles per cell arranged at the vertices of a 

rhombus; 

Figure 19 shows a print sample of an inclined seg- 
ment obtained with the head according to Figure 
18; 

35 Figure 20 shows partially a print head embodying 

to the invention with a double configuration. 
With reference to Figures 1 and 2, an ink-jet print 
head 10 comprises a base 12 consisting of silicon or 
other ceramic materials, only part of which is shown 
40 in the figures. 

A plurality of pressure generating elements 14, 
which can be activated selectively for example with 
voltage pulses, is deposited on the base 12 using a 
known method. 
45 According to a conventional embodiment, each 

element 14 consists of a layer of electrically resistive 
material, for example an AI-Ta alloy. 

The elements 14, more usually called resistors, 
may be arranged aligned in a single or double row "y" 
so with a pitch M p" between two adjacent resistors equal, 
for example, to 1/150". 

However, the pitch, the arrangement and the 
form of the resistors may be varied according to re- 
quirements. 

55 Each resistive element or r sistor 14 is contained 

in a compr ssion chamber or cell 16 with a substan- 
tially parallel piped shape, open only on one side 18 
in a direction parallel to the plane 15 of the resistor 14, 
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so as to communicate via an ink supply duct 20 with 
a collector channel 22 common to all the cells. 

For example, in a head designed for a printing re- 
solution of 300 dots per inch, the resistor 14 prefer- 
ably has a square shape with sides of about 60x60 s 
urn, while the plan dimensions of the cell 16 are slight- 
ly greater than the dimensions of the corresponding 
resistor 16, i.e. about 70x70 um. 

The resistors 14 can be composed by a single re- 
sistive element, as shown in Figure 2, or can be com- 10 
posed by two resistive elements, either connected in 
parallel or in series, in order to generate two separate 
vapour bubbles inside the cell, achieving in this way 
a better matching between the quantity of vapour and 
the volume of ink inside the nozzles. 75 

It is understood that the dimensions of the cell 16, 
resistor 14 and pitch "p" may vary considerably de- 
pending on the performances which are required of 
the print head. 

The cell 1 6 and corresponding duct 20 are formed 20 
in the thickness of a foil 24 consisting of suitable syn- 
thetic materials, as explained below. 

The closing wall 26 of the cell opposite the resis- 
tive element 14 has formed in it a plurality of nozzles 
30, varying in number from three to nine. The prefer- 25 
red non-limiting example of embodiment according to 
Figure 1 shows four nozzles arranged at the vertices 
of a square. The axes of the four nozzles are perpen- 
dicular to the plane 15 of the resistor 14. 

The construction of the cell 16, the nozzles 30 30 
and the ducts 20 may be effected using one of the 
known techniques. 

According to a first technique which is now estab- 
lished, the cells 16 are formed in a layer of a photo- 
polymer, for example VACREL (Du Pont trade-mark), 35 
using the so-called photoetching method, while the 
nozzles 30 are formed by perforating a thin layer of 
MYLAR or KAPTON (Du Pont trade-mark), using an 
excimer laser ray beam shuttered by a suitable mask. 
The nozzle-bearing layer and photopolymer layer 40 
thus processed are arranged on top of one another 
and both pressed onto the support base 12, without 
the use of glues since the photopolymer layer is per 
se self-adhesive. 

According to another known technique, the cells 45 
16 and the nozzles 30 are formed in a single foil 24 
(Fig. 2) of MYLAR or KAPTON, using an excimerlaser 
ray beam shuttered by means of suitable masks. For 
example, with a first mask, the laser beams form in 
the foil 24 in a single operation the cells 16 and the so 
ducts 20, etching only partially into the thickness of 
the foil 24; then, with a second mask, all the nozzles 
30 are formed simultaneously, perforating the wall 26 
created during the previous operation. The foil 24 may 
be cut to the desired I ngth from a strip of the desired 55 
width. 

Aft r processing of the cells 16, the ducts 20 and 
the nozzl s 30, the foil 24 is pressure-fix d with an 



adhesive onto the base 12. 

in both the previously described techniques, de- 
pending on the conditions during the process, the 
shape of the nozzle 30 can show a different tapering 
angle if observed in a cross section, i.e. it can have 
a zero tapering, as shown in Figure 2, or alternatively 
a positive or a negative tapering. Also the cross- 
section of the nozzles 30 can be a circle, as shown in 
Figure 1, or can have a different shape, for example 
a square, a rhombus or an oval. 

Finally, according to another known method, the 
cells 16 and the ducts 20 are formed in a first layer of 
MYLAR or KAPTON, while the nozzles 30 are sepa- 
rately punched in a different foil consisting of the 
same materials. Then the layer containing the cells 16 
and the ducts 20 and the foil containing the nozzles 
are glued onto one another and fixed onto the base 
12. 

Independently from the method adopted to form 
the nozzles 30, they can be formed in such a way as 
to be totally inside the perimeter of the projection of 
the cell 16, or they can be partially outside of it. 

During operation, the cell 16, the duct 20 and the 
collector 22 are kept full of ink, which forms a menis- 
cus 32 in the nozzles 30 (Figure 2). 

When at rest, the meniscus 32 remains in hy- 
draulic equilibrium with respect to a negative pres- 
sure applied to the collector 22 by ink supply mem- 
bers, not shown, formed for example by a sponge 
soaked with ink. 

The application to the resistor 14 of a voltage 
pulse, generated by an activation circuit of a known 
type and not shown in the drawings, causes sudden 
heating of the resistor 14 and formation of a vapour 
bubble, the volume increase of which inside the cell 
1 6 expels si multaneously from the four nozzles 30 the 
same number of drops of ink 31 . 

The drops of ink 31 , before being deposited on a 
printing medium 34, travel along a short trajectory co- 
axial with the axis of each nozzle 30 and hence each 
parallel with one another. Therefore the drops are de- 
posited on the medium 34, situated at a distance of 
between 0.5 and 2 mm from the nozzles, retaining the 
same configuration as the nozzles. In the case of four 
nozzles 30, as shown in Figure 1, a substantially 
square impression 36 (Figure 3) will be printed on the 
medium 34, consisting of four dots 37 arranged at the 
vertices. 

Extensive experiments have been performed by 
the inventors in order to define the correct relation- 
ship between some geometrical parameter, namely 
the radius °R" of the nozzles 30 and the distance "d" 
between their axes, to obtain the best result in terms 
of print quality. 

It is w II known to those skilled in the art, that in 
the ink-jet printing at 300 dots p r inch, to print on 
plain xerographic paper with the state of the art inks, 
it is required a volume of the single drop ranging from 
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50 to 250 picol iters, preferably from 100 to 200 pi. 

R ferring to the preferred non-limiting example of 
the embodiment according to Figure 1 in which there 
are 4 nozzles 30 per cell 16, the single emitted drop 
should have a volume V ranging from 12.5 to 62.5 
pi, preferably from 25 to 50 pi and each of it will pro- 
duce on the paper a dot 37 with a diameter "D". 

The following equation, experimentally found by 
the inventors, relates the volume V of the drop of ink 
to the diameter U D" of the dot impressed on the paper 
D = K °V V 

where K and n are constants depending on the ink 
and on the paper. 

In particular, with the ink used in the Olivetti prin- 
ter JP 250® and a good quality xerographic paper, a 
drop of 25 pi impresses a dot of approximately 42 \i t 
and a drop of 50 pi impresses a dot of approximately 
68 u. 

Referring to Figure 3, the 4 dots 37 should be tan- 
gent or partially overlapping in order to obtain a good 
print quality; this Is obtained when the distance "d" be- 
tween the axes of the nozzles 30 is: 
dsD 

or better, .4 D < d ^ D, preferably .5 D < d <.9 D. 

Moreover the drops 31 expelled from the nozzles 
30 should not join together during theirflightto the pa- 
per 34, otherwise would be missed the effect of the 
"sprayed" distribution that permits to print black areas 
with the same optical density but with less ink than us- 
ing a single nozzle. 

This result is obtained when, indicating with R the 
radius of a nozzle 30, the above mentioned distance 
"d" satisfies the condition: 

d ^ 2.0 R 

or, better, d S 2.2 R, preferably d § 2.5R. 

As a result of the use of excimer laser ablation 
technology, it is easily possible to manufacture ink-jet 
print heads in which multiple nozzles, for example up 
to 9 nozzles per cell, can be produced, with the char- 
acteristics of diameter and distance between their 
axes according to the previously mentioned preferred 
values. 

The improvements in print quality obtained with 
a print head according to the present invention are 
now illustrated. 

By suitably choosing the diameter of the individ- 
ual nozzles 30 and the distance "d" between their 
axes, it is possible to vary within fairly wide limits the 
dimension of the impression 36 (Figure 3) which nev- 
ertheless retains a substantially square shape, with 
four lobes instead of the four vertices. 

As a result of the use of excimer laser ablation 
technology, not only is it possible to make nozzles 
with a diameter ven less than about 10 pm, but it is 
also possible to form nozzles very clos to on an- 
other, so that each cell can be associated with more 
than four nozzl s, for example up to nine nozzles p r 
cell. 



Figure 6 is a photographic nlargem nt of a set 
of dots arranged in an orthogonal grid printed with the 
four-nozzle head according to Figure 1 , with a pitch T 
equal to about 2.5 times the dimension "S" of a single 
5 impression. 

Figure 7 is a photographic enlargement of a grid 
similar to that of Figure 6, but printed with a pitch "t" 
= "2s". 

Figures 8 and 9 show two sets of dots arranged 
10 in grids similar to those of Figures 6 and 7 respective- 
ly, but printed with a conventional ink-jet head provid- 
ed with cells having only one nozzle. 

A comparison of the printed images in Figures 6 
and 7 with those of Figures 8 and 9 clearly shows that 
15 the head 1 0 of Figure 1 , according to the invention, for 
example with four nozzles per cell, produces a 
marked improvement in the print quality of graphic 
images. 

As already stated above, in a preferred embodi- 

20 ment, the nozzles 30 are arranged at the vertices of 
a square (Figure 1) with one side parallel to the refer- 
ence direction "y" of alignment of the cells 16. In other 
words the nozzles 30 are arranged In an orthogonal 
grid having one of the axes parallel to the direction "y". 

25 When the head 10 is mounted on a printer, not 

shown in the drawings, the direction "y" is normally 
vertical and perpendicular to the direction of move- 
ment of the head. However the head may be oriented, 
on the printer, in different directions with respect to 

30 the movement of the head, so that the direction "y" 
may be inclined with respect to the vertical. 

Therefore, by printing in succession groups of 
four dots 37, which form the impression 36 (Figure 3), 
in the printing positions H1 , H2, H3, etc. adjacent and 

35 aligned in a direction perpendicular to the direction y, 
a horizontal line is obtained (Figure 4). Similarly if the 
groups of dots 37 are printed in the printing positions 
V1 , V2, V3, etc., (Figure 5) adjacent and aligned in the 
direction "y", a vertical line parallel to the direction "y" 

40 is obtained. 

If in each of the printing positions V1 , V2, V3, etc., 
instead of a single group of four dots 37, several 
groups are arranged next to one another horizontally, 
a vertical segment with a certain transverse width, 

45 such as for example the stem 40 (Figure 11) of the let- 
ters I and T, is printed. 

Similarly by associating in each printing position 
H1, H2, H3, etc., more than one group of dots 37 ar- 
ranged vertically, a horizontal segment, such as for 

so example the base 49 of the letters I and T, is printed. 

Figure 10 shows a photographic enlargement of 
some characters printed with a four- nozzle head ac- 
cording to the invention. These characters have an 
edg 50 with a substantially straight profile, as can be 

55 se n more clearly in Figure 11, which is further en- 
larg d. 

From a comparison of the profile of the edge of 
th characters of Figures 10 and 11 with that of the 
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same characters shown in Figures 12 and 13 and 
printed with a conventional head with one nozzle p r 
cell, it can be seen that the edge of the characters of 
Figures 12 and 13 has an irregular profile formed by 
a succession of round profiles 53, corresponding to 
the impressions of the individual drops of ink emitted 
by the head with a single nozzie per cell. 

Therefore, it is clearthat, with an ink-jet print head 
with four nozzles per cell arranged at the vertices of 
a square according to the invention, a high print qual- 
ity for alphanumeric characters is obtained. 

As already seen, with the four-nozzle head ac- 
cording to Figures 1 and 4 and more generally with a 
number of nozzles greater than two, for example from 
three to nine, the printed impression is formed by a 
plurality of basic dots equal to the number of nozzles 
which expelled them. On account of the greater sur- 
face distribution of the ink on the paper, the numerous 
and smaller drops dry more rapidly than a single drop 
of the same volume. 

Therefore, using print heads with several nozzles 
for each compression chamber, a reduction in the ink 
drying time is obtained, without having to alter the 
composition of the ink itself. 

A further advantage obtained by a similar print 
head, i.e. in which each compression chamber has 
several nozzles associated with it, is that of obtaining 
composite impressions or dots with shapes different 
from a circular shape, as has already been seen in the 
case of four nozzles. 

It is known that with a single nozzle per compres- 
sion chamber, whatever the shape of its straight sec- 
tion, only dots with a substantially circular contour can 
be printed. 

Therefore, according to the invention, it has been 
found that it has been possible to obtain impressions 
with the most convenient shape for printing particular 
characters, using several nozzles for each compres- 
sion chamber, arranged in suitable configurations, for 
example in a flat grid formed by two groups of refer- 
ence axes not parallel with one another. 

Thus, for example, with nine nozzles arranged in 
an orthogonal grid in the form of a 3x3 matrix, square 
impressions similar to those of Figure 3 are obtained, 
while with 6 nozzles arranged in two parallel rows of 
3, rectangular impressions (Figures 14 and 15) of va- 
riable dimensions may be printed, depending on the 
diameter of the nozzles and their distance from one 
another. 

In particular, the impression with a square or rec- 
tangular shape is conveniently used for the printing of 
certain bank documents which use alphanumeric 
characters with straight contours having right-angled 
edges, or for th printing of bar characters. 

Figure 18 shows a configuration of four nozzles 
different from that of Figure 1 . 

The four nozzles 40 (Figur 1 8) are arranged at 
the nodes of an orthogonal grid having the ax s m-m 



and n-n inclin d by about 450 with respect to the di- 
rection V of alignment of th cells 1 6. 

With this configuration of nozzles, the groups of 
dots printed in succession in offset printing positions 

s in the two - vertical and horizontal - directions gener- 
ate lines and/or segments inclined with respect to the 
direction y of alignment of the cells 16. 

In particular, if the printing positions H and V are 
equally spaced in the two directions, lines 42 or seg- 

10 ments 43 inclined at 45° with respect to the direction 
y are obtained (Figure 17). 

With this configuration it is possible to print the in- 
clined segments of the letters K, M, N, etc. having 
straight edges with profiles free from irregularities. 

15 Figure 20 shows a print head 50 in which the cells 

16 are aligned in the direction /-/.in two parallel 
rows. The cells 1 6 of a row 51 are offset by half a pitch 
in the direction y with respect to the cells 1 6' of the 
parallel row 52. Each cell 16 of the row 51 expels ink 

20 through four nozzles 54 in a square configuration with 
a side parallel to the direction / of alignment as in Fig- 
ure 1. 

Each cell 1 6* of the row 52 expels ink through four 
nozzles 56 arranged at the vertices of a square with 
25 the sides inclined at 45° with respect to the direction 
y\ in a similar manner to the arrangement of Figure 
18. 

By activating selectively the cells 16 and/or 16', 
the head 50 (Figure 20) prints graphic symbols, such 

30 as the letters A, K, M, etc., comprising vertical, hori- 
zontal and inclined segments which have edges with 
straight profiles free from irregularities, thus ensuring 
an excellent print quality. 

Obviously the cells 1 6 and 1 6' of the head of Fig- 

35 ure 20 may be arranged also in different ways from 
that shown. For example, one or more cells 16* of the 
row 52 may be exchanged with the same number of 
cells 16 of the row 51. 

Observing the arrangement of the nozzles of 

40 each cell 1 6 shown in Figures 1 , 1 4, 1 8 and 20, it can 
be seen that a pair of nozzles, for example that denot- 
ed by 30a (Figure 1), 45a (Figure 14), 40a (Figure 18), 
54 and 56 (Figure 20), is arranged in a row parallel to 
the reference axis V, while each additional nozzle or 

45 pair of nozzles is arranged laterally offset with respect 
to the reference direction on one side only or on both 
sides. 

In view of the fact that the restoration time for 
each meniscus in the group of nozzles is less than for 
so a single nozzle, it can be concluded that a head with 
a plurality of nozzles for each compression cell is able 
to operate at a higher speed compared to a head with 
a single nozzle per cell. 

In the case of a h ad with three and four nozzles 
55 per c II, a rep tition sp d of about 9 KHz has been 
experimentally obtained. 

For the printing of graphic images both in black- 
and-white and colour, the square configuration of the 
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nozzles enables th quantity of ink d posited on the 
pap r to be reduced considerably, whilst maintaining 
the same chromatic intensity of the image to be repro- 
duced. 

In fact, in order to obtain 100% coverage (Figure 
16), it is no longer necessary to effect superimposi- 
tion of the printed impressions, as in the case of cir- 
cular impressions obtained with a single nozzle. 

Moreover, the square or rectangular shape of the 
impression printed with a head having several noz- 
zles per cell, according to the invention, makes it pos- 
sible to obtain shades of grey, or more generally, 
chromatic variations which are very regular and re- 
peatable. In fact, the variation in the area covered by 
ink (Figure 17) Is directly proportional to the number 
of dots removed during printing. 

It is understood that the print head according to 
the invention may be subject to variants, additions or 
replacement of parts or variations in shapes without 
thereby departing from the scope of the invention. 



Claims 

1. An ink-jet print head comprising at least one ex- 
pulsion chamber (16), communicating with a plur- 
ality of nozzles (30) for expelling corresponding 
drops of ink, in which at least two nozzles (30) of 
said chamber are arranged in a row oriented in a 
reference direction, characterized by at least one 
additional nozzle (30a) of said chamber laterally 
displaced with respect to said row. 

2. A print head according to Claim 1, characterized 
in that said additional nozzles of said chamber 
are arranged in pairs in rows laterally displaced 
with respect to said oriented row. 

3. A print head according to Claim 1 or 2, character- 
ized in that the nozzles of said chamber are ar- 
ranged in the form of a grid with two reference 
axes. 

4. A print head according to Claim 3, characterized 
in that said grid is orthogonal with an axis parallel 
to said direction. 

• 5. A print head according to Claim 3, characterized 
in that said grid is orthogonal with at least one - 
axis inclined with respect to said direction. 

6. A print head according to any preceding claims, 
characterized in that the distance between the 
axes of said nozzles (30) is not lower than 2.2 
times the radius of said nozzles. 

7. A print h ad according to any preceding claims, 
charact rised in that said chamber (16) commu- 



nicates with at least four nozzles arranged at the 
vertices of a quadrilateral. 

8. A print head according to claim 7, characterised 
5 in that said at least four nozzles have cross- 
section of circular shape. 

9. A print head according to claim 7, characterised 
in that said at least four nozzles have cross- 
to section of square shape. 

10. A print head according to Claim 6, characterized 
in that said quadrilateral is a square. 

15 11. A print head according to claim 7, characterised 
in that said quadrilateral is a rhombus. 

12. A print head according to Claim 1, further com- 
prising pressure generating elements (14) con- 

20 tained in said at least one expulsion chamber 

(16), characterised In that said elements com- 
prise two resistors connected in series. 

13. A print head according to claim 1, further com- 
25 prising pressure generating elements (14) con- 
tained in said at least one expulsion chamber 
(16), characterised in that said elements com- 
prise two resistors connected in parallel. 

30 1 4. An ink jet print head comprising at least one group 
of ink expulsion chambers (16), each chamber 
communicating with a plurality of nozzles (30) for 
expelling corresponding drops of ink, in which at 
least two nozzles (30) of each chamber are ar- 

35 ranged in a row parallel to a reference direction, 

characterised by at least one additional nozzle 
(30a) of each of said chambers, arranged in a lat- 
erally displaced position with respect to said row. 

40 15. A print head according to Claim 14, characterized 
in that the nozzles of each chamber are arranged 
in a grid having two axes orthogonal with respect 
to one another. 

45 1 6. A print head according to Claim 1 0, characterized 
in that said grid is oriented with an axis parallel to 
said direction. 

1 7. A print head according to Claim 1 5, characterized 
50 in that said grid is oriented with at least one axis 

inclined with respect to said direction. 

18. A print head according to one of the preceding 
claims, characterized in that ach chamber is 

55 closed by a wall comprising a foil (24) of plastic 

material suitable for being etched with excimer 
laser rays. 
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19. A print head according to any of Claims 1 to 12, 
characterized in that said expulsion chambers 
and said nozzles are obtained by subjecting a 
film of plastic material to excimer laser radiation. 

5 

20. A method for printing graphic symbols with a high 
print quality using an ink-jet print head movable 
into successive printing positions and having at 
least one group of ink expulsion chambers (16), 
each chamber communicating with a plurality of 10 
nozzles (30) for expelling, in response to a com- 
mand for activating the head, corresponding 
drops of ink and for printing on a printing medium 
groups of dots in said printing positions, each 
plurality of nozzles comprising at least two noz- is 
zles arranged in a row parallel to a predetermined 
direction, said method comprising the following 



20 



a) arranging additional nozzles (30a) of each 
plurality in positions laterally displaced with 
respect to said row; 

b) activating said head for printing said graph- 
ic symbols, and depositing in succession said 
groups of dots in printing positions selectively 
aligned in said direction or in another direction 25 
perpendicular thereto, so that graphic sym- 
bols elongated in either of said directions are 
printed with substantially straight edges. 



21. A method according to claim 20, characterised in 
that said plurality of nozzles (30) is arranged by 
having the distance between their axes not lower 
than 2.2. times the radius of said nozzles. 



30 



placed with respect to said row. 

26. A printer according to claim 25, characterised in 
that the distance between the axes of said plur- 
ality of nozzles (30) is not lower than 2.2 times the 
radius of said nozzles. 

27. A printer according to claim 25, characterised in 
that the distance between the axes of said plur- 
ality of nozzles (30) is lower than the diameter of 
said dot but higher than 0.4 times said diameter. 

28. A printer according to Claim 25, characterized in 
that each plurality of nozzles comprises at least 
four nozzles arranged at the vertices of a square. 

29. A printer according to Claim 25, characterized in 
that the nozzles of each plurality are arranged in 
a grid with two axes, having one axis parallel to 
said direction. 

30. A printer according to Claim 25, 26 or 27, charac- 
terized in that said drops are expelled so as to 
form on a printing medium groups of dots aligned 
selectively in the direction of one or other of the 
axes of said grid, so as to print graphic symbols 
elongated in either direction and having straight 
and regular edges. 



22. A method according to claim 20, characterised in 35 
that said plurality of nozzles (30) is arranged by 
having the distance between their axes lower 
than the diameter of said dot but higher than 0.4 
times said diameter. 

40 

23. A method according to Claim 20, 21 or 22, in 
which each plurality of nozzles comprises four 
nozzles arranged at the vertices of a square. 

24. A method according to Claim 23, characterized in 45 
that said square is oriented with one side parallel 

to said direction. 

25. A dot printer for printing graphic symbols on a 
printing medium by means of an ink-jet print so 
head, said head having at least one group of ink 
expulsion chambers (16), each chamber commu- 
nicating with a plurality of nozzles (30) for expel- 
ling corresponding drops of ink in which at least 

two nozzles (30) of each chamb r are arranged 55 
in a row parallel to a referenc direction, charac- 
terized by at least one additional nozzle (30a) of 
each chamber arranged in a position laterally dis- 
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